Much recent research has sought to uncover the gender difference in neural mechanism of moral judgment; however, very few researches study the neural gender differences in a specific area of moral judgment. The aim of this functional magnetic resonance imaging (fMRI) study was to examine possible gender difference in neural response to (sexual) disgusting pictures versus neutral pictures. Seventeen participants (9 males) were scanned while viewing pictures of tactile intimacy in same-sex and being asked to evaluate whether the behaviors between the stimulus persons in the pictures were morally appropriate or not. Both the neural responses to pictures of tactile intimacy in same-sex between male participants and female participants and the neural response to pictures of male-male tactile intimacy and to pictures of female-female tactile intimacy were examined. The results showed that significantly increased differential activations to the disgusting pictures relative to the neutral pictures were observed in the dorsal medial prefrontal cortex (BA 9) and amygdala. Furthermore, greater activation to the pictures of female-female tactile intimacy was observed in the left superior frontal gyrus/dorsal medial prefrontal cortex (BA 6). These results suggested a possible neural gender difference between female's immoral behavior and male's immoral behavior.
Introduction
The question of gender differences in moral judgment has been an issue of controversy and debate both in social psychology and in neuroscience. Kohlberg's moral judgment theory assumes that morality is universal, equal to male and female [1] . Other researchers question the possibility of a gender-related bias in Kohlberg's theory. Gilligan writes, "The very traits that traditionally have defined the 'goodness' of women, their care for and sensitivity to the needs of others, are those that mark them as deficient in moral development" [2] . She also describes two divergent modes of moral judgment: an ethic of care and an ethic of justice [3] . For males, they typically approach moral dilemmas in a rational way, with a justice-based orientation that respects rules and obligations. Whereas females are believed to typically approach moral dilemmas with a care-based orientation that emphasizes empathy and care for others. Despite substantial evidence confirming gender-related behavioral differences in moral judgment [4] [5] , studies found no gender differences at all [6] . Researchers further have suggested that gender-related differences only exist in personal moral dilemma (those courses of action whose endorsement involved highly emotional decisions) where men give significantly more utilitarian answers than women do [7] .
In the neuroimaging field, there are very few studies researched the gender differences in neutral mechanism underlying moral sensitivity except for Harenski et al. who have found a stronger relationship between posterior cingulated and insula activity during picture viewing and subsequent moral ratings in females and a stronger relationship between inferior parietal activity and moral ratings in males [8] . Other studies neglected to consider the gender factor, recruited subjects of one sex only [9] [10], or focused on sex differences in neural responses to pure disgusting emotions [11] .
In the current study, we used functional magnetic resonance imaging (fMRI) to examine possible gender difference in brain activation to pictures depicting moral violations in healthy individuals. Moral violations were specific to tactile intimacy in same sex, which was rated as highly disgusting [12] . On one hand, neural responses to pictures of tactile intimacy in same sex between male participants and female participants would be examined. On the other hand, neural response to pictures of male-male tactile intimacy and to pictures of female-female tactile intimacy would also be examined.
The neural correlates of moral judgments within three moral areas: (physical) harm, dishonesty, and (sexual) disgust were investigated to test whether "moral judgment" was a unified category [13] . Across these studies, dorsal medial prefrontal cortex (dmPFC), which may represent the integration of emotional responses into moral decision-making was the only region activated by all scenarios judged to be morally wrong in comparison with neutral scenarios [13] . In addition, the specific roles of the ventromedial prefrontal cortex (vmPFC), medial prefrontal cortex (mPFC), anterior cingulate cortex (ACC), insula, amygdale, and posterior superior temporal suclus (pSTS) were also indicated in moral cognition [14] .
Disgust is a universal basic emotion that functions to help protect an organism from ingesting potentially harmful substances, thereby promoting disease avoidance [15] . It has also been linked to moral judgments in many studies [10] [16] . The neural basis of disgust devoid of moral connotations ("pure disgust") and the experience of disgust disguised in the moral emotion of "indignation" were investigated and it was found that pure disgust and indignation recruited both overlapping and distinct brain regions, mainly in the frontal and temporal lobes [10] . In another study, the biological homology of pure disgust ("infection") and moral disgust ("incest") were investigated by using functional magnetic resonance imaging (fMRI). The results showed that even common brain regions were active during processing of both pure disgust and socio-moral acts; they still entrained unique brain regions [9] . Specifically, regions more activated in incest condition compared to the nonsexual moral condition were found in medial frontal gyrus and bilateral inferior frontal gyrus [9] .
Functional neuroimaging study further uncovered the neural correlates of moral judgment in (sexual) disgust [13] . Results showed that the disgusting versus neutral scenario contrast revealed increased activity bilaterally in the dmPFC, amygdale, and posterior cingulate cortex (PCC). When normal adult volunteers passively viewed scenes evocative of basic (disgust and fear) and moral (compassion and indignation) emotions, significant bilateral activation occurred in the amygdale, thalamus, midbrain, and visual cortex [17] .
In the current study, it was predicted that disgusting versus neutral pictures contrast would reveal increased activity bilaterally in the dmPFC and amygdale, which is consistent with previous study [13] . Further, males would show increased activity in brain regions associated with justice-based processing (superior temporal sulcus) relative to females [8] . In addition, given that females were traditionally expected to be peaceful and a care-based orientation in relations with others, females were more likely to exhibit intimate behavior such as embracing or kissing each other in daily life [18] . In other words, demonstrations of tactile intimacy between women might be viewed less disgusting than men. Therefore, compared to pictures of male-male tactile intimacy, pictures of female-female tactile intimacy would show activation in brain regions associated with the integration of emotional responses into moral decision-making (e.g., dmPFC).
Methods
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Participants
Seventeen right-handed, healthy University students (9 male, aged 19-24 years; Mean = 22.4 years, SD = 1.6) participated in the study ( Table 1) . Participants did not have a history of psychiatric or neurological disorder, significant physical illness, head injury, or alcohol/drug abuse. All the participants were heterosexual (oral report). None of the participants were taking alcohol or medication at the time of the study. Participants were paid for their participation.
Task
The design was a 2 × 2 × 2 factorial. The independent variables were the sex of the research participants (male or female), behavioral type (disgusting or neutral), and sex of the dyads shown in the picture (male or female). The behavioral type was based on whether the two stimulus figures were depicted as hugging and kissing each other or not. For disgusting pictures, the same-sex dyads were depicted as hugging and kissing each other. For neutral pictures, the same-sex dyads were depicted as standing face-to-face while looking and smiling at each other. The types of behavior in male-male pictures and female-female pictures were almost the same numbers. The stimuli were black-and-white photos of real people. The stimulus persons in the pictures were all Chinese and in their twenties. The pictures were plain because of the absence of any background (such as a street, a room, or the presence of other people), this lack of context encouraged participants to focus only on the stimulus persons when making their evaluation.
Procedure
In total, there were four types of stimuli in the experiment namely male-male disgusting pictures (MD), female-female disgusting pictures (FD), male-male neutral pictures (MN), and female-female neutral pictures (FN). The trials were presented in a randomized order in two functional runs and in each run, there were 15 trials for each type of stimuli. Stimulus appeared for 2 sec, after which they disappeared regardless of whether a response had been given or not. After each picture was displayed, the participants were asked to evaluate whether the behaviors between the stimulus persons in the pictures were morally appropriate or not and press two different buttons on a response button box according to their response (appropriate or inappropriate) in the scanner. The jitters between trials were 2 sec, 4 sec, or 6 sec randomly and the screen remained white with a black fixation in the middle of the screen during the jitter.
The software package E-Prime (Psychology Software Tools Inc., Pittsburgh, PA) was used to deliver visual stimuli and record responses. Stimuli were projected onto a screen positioned at the end of the bore, visible through a mirror attached to the head-coil. Cushions were used to minimize head movement.
Imaging Data Acquisition
Images were acquired from a 3T Siemens TRIO MRI scanner. Functional data comprised 370 volumes acquired with T2 *-weighted gradient echo planar imaging (EPI) sequences. 32 echo planar images per volume sensitive to blood oxygenation level-dependent (BOLD) contrast were obtained (TR = 2000 msec; TE = 30 msec; 3 × 3 mm in-plane resolution; Field of View [FOV] = 192). Slices were acquired interleaved and oriented parallel to the AC-PC plane, with thickness of 3 mm, 0.99 mm gap. High-resolution T1-weighted 3D fast-field echo (FFE) sequences were obtained for anatomical reference (176 slices, TR = 1900 msec; TE = 2.52 msec; slice thickness = 1 mm; FOV = 250; voxel size = 1 × 1 × 1 mm).
Imaging Data Analyses
Data were analyzed using the Brain Voyager QX v2.0 software (Brain Innovation, The Netherlands). Due to T1 saturation effects, the first 2 scans of each run were discarded from the analysis. Preprocessing of functional scans included slice-scan time correction using 'cubic spine' interpolation. Data were motion corrected to minimize effects of head motion on analyses. To improve signal detection, temporal and spatial filtering was applied. Drift removal was done using a high-pass temporal filter (3cycles/run, equivalent to 0.008 Hz). Spatial smoothing was achieved by applying a 4-mm full-width at half maximum Gaussian filter. Spatial normalization was performed for structural and functional data sets. Spatial normalization of the structural volumes was performed in two steps. The first step consisted in aligning the 3D MPRAGE data set of each subject with the stereotaxic axes. For this step the location of the anterior commissure (AC), the posterior commissure (PC) and two rotation parameters for mid-sagittal alignment had to be specified manually in the 3D data set. In the second step the extreme points of the cerebrum were specified. These points together with the AC and PC coordinates were then used to scale the 3D data sets into the dimensions of the standard brain of the atlas of Talairach and Tournoux using a piecewise affine and continuous transformation.
To transform the functional data into Talairach space, the preprocessed functional time series were first resampled at a voxel size of 3 mm × 3 mm × 3 mm and coregistered with the corresponding structural data set. The co-registration transformation in Brain Voyager QX was determined concatenating an initial alignment matrix obtained using the Siemens position parameters of the functional and structural images with a fine-tuning alignment matrix obtained by means of an intensity-driven alignment algorithm. The alignment between functional and anatomical scans was finally checked by means of an accurate visual inspection. Then the rigid-body AC-PC transformation performed for the 3D anatomical data set was applied to co registered functional data. This procedure resulted in a normalized four-dimensional data representation (volume time course) for each functional run.
In order to avoid quality loss due to successive data sampling, the spatial normalization was actually performed using a single transformation matrix obtained combining the different spatial transformations described. Analyses of the time series data were performed on individual participants using an event-related model convolved with the canonical homodynamic response function. The multiple regression analysis implementing a model of expected BOLD signal changes for each of four trial categories (MD, FD, MN and FN) and the null event was performed for each subject. Applying linear contrasts to the obtained parameter estimates, effects of interest were tested across all the subjects (random effects model). The resultant single participant images were then entered into second-level ANOVA analyses with two within-subjects factors (behavioral type and sex of the dyads shown in the picture) and one between subjects factor (sex of the research participants). To further extract areas showing a significant main effect of behavioral type, contrasts (MD + FD)-(MN + FN) (disgust > neutral) and (MN + FN)-(MD + FD) (neutral > disgust) were tested. To extract areas showing a significant main effect of sex of the dyads shown in the picture, (MD + MN)-(FD + FN) (male > female) and (FD + FN)-(MD + MN) (female > male) were tested. Inference of statistical significance of these analyses used uncorrected P value at least P < 0.001, in regions encompassing at least 4 voxels.
Results
Behavioral Data
Moral judgments of male disgusting pictures (MD), female disgusting pictures (FD), male neutral pictures (MN)
and female neutral pictures (FN) both in the male and female participants were listed in Figure 1 . Both participants groups judged 80% of the disgusting pictures as morally inappropriate. Repeated-measure ANOVA showed that the interaction effect of behavioral type (disgusting or neutral) by sex of the dyads shown in the picture (male or female) by sex of research participants was significant, F(1,15) = 5.65, p < 0.05. Male participants evaluated less MD pictures as inappropriate than FD pictures, p < 0.05 and male participants evaluated less FD pictures as inappropriate than female participants did, p < 0.05. The reaction times of male and female participants to the MD, FD, MN and FN pictures were listed in Table 2 . Repeated-measure ANOVA showed that there was a significant effects of sex of dyads shown in the picture (male or female), F(1,15) = 38.405, p < 0.001. The female pictures were responded significantly slower than the male pictures. There was also a significant effects of sex of research participants, F(1,15) = 14.33, p < 0.01. It took much more time for the male participants than for the female participants to make the decisions. The interaction effect of behavioral type (disgusting or neutral) by sex of the dyads shown in the picture (male or female) was significant, F(1,15) = 10.748, p < 0.01. The pictures in the FD condition were responded significantly slower than in the MD condition, p < 0.01.
Functional Imaging Results
The main effect and the interaction effects (F tests) of the ANOVA analyses were described as below. The main effect of behavioral type (disgusting vs. neutral) was observed in the dorsal medial prefrontal cortex (BA9). Additional activations were observed in amygdala. The interaction effect of behavioral type (disgusting vs. neutral) by sex of the dyads shown in the picture (male or female) was observed in the superior frontal gyrus/dorsal medial prefrontal cortex (BA6). There was not a main effect or interaction effect of sex of the research participants.
Areas showing a significant main effect of behavioral type were given in Table 3 and Figure 2(a) . Significantly increased differential activations to the disgusting pictures relative to the neutral pictures were observed in the dorsal medial prefrontal cortex (BA9) and amygdala. No significant differential activation to the neutral pictures compared with the disgusting pictures was observed.
Areas showing a significant main effect of sex of dyads shown in the pictures were given in Table 2 and 
Figure 2(b).
Significantly increased differential activations to the female pictures relative to the male pictures were observed in the right superior frontal gyrus and dorsal lateral prefrontal cortex (BA8). No significant differential activation to the male pictures compared to the female pictures was observed. A significant interaction with greater activation to the FD pictures was observed in the left superior frontal gyrus/dorsal medial prefrontal cortex (BA6) ( Table 2 and Figure 2(c) ). In this area, no significant difference in the activation pattern was observed between MN and FN; therefore, the differential activation in this area was specific for the FD pictures.
Discussion
The purpose of the current study was to investigate possible gender difference in brain activation to pictures depicting moral violations in healthy individuals. Some of the hypothesis was confirmed, as significantly increased differential activations to the disgusting pictures relative to the neutral pictures were observed in the dorsal medial prefrontal cortex and amygdala. Furthermore, greater activation to the female disgusting (FD) pictures was observed in the left superior frontal gyrus/dorsal medial prefrontal cortex. However, some of the hypothesis was not confirmed, as there was no gender difference of participant in brain activation to moral judgment of tactile intimacy in same-sex.
Although researchers have proposed that females and males differ in the structure of their moral attitudes, such that females tend to adopt care-based moral evaluations and males tend to adopt justice-based moral evaluations [2] [3], and neuroimaging results have further suggested gender differences in strategies utilized in moral appraisals [8] , other study still have concluded that gender differences in moral judgment specifically influence personal moral dilemmas involving emotionally salient actions in which males have significantly more utilitarian choices [7] . In the current study, the moral judgment stimuli were the tactile intimacy in same-sex which was not as emotionally salient as in previous study. Therefore, it would be no surprise that there was no gender difference of participant in brain activation to moral judgment of tactile intimacy in same-sex.
Further, given that males are traditionally expected to be competitive and achievement-oriented in relations with other men, demonstrations of tactile intimacy between men might be viewed more negatively [18] . Also, men, as compared to women, have less positive attitudes toward same-sex touching than women do [19] . In other words, the moral judgment task in the current study led to a bias that both male and female participants would judge tactile intimacy between males more disgusting. This would be another reason of missing gender difference of participant in brain activation to moral judgment of tactile intimacy in same-sex. Finally, the small numbers of the participants would be the other reason to detect such an effect.
It was found that the judgment of moral wrongness was sub-served by distinct neural systems for each of the different moral areas [9] [13] . Dishonest, disgusting, and harmful moral transgression recruited networks of brain regions associated with mentalizing, affective processing, and action understanding, respectively. Although researchers have tried to uncover the neural basis of moral judgment, there has been no study to investi-gate gender differences in neural mechanisms underlying moral sensitivity within three moral areas: (physical) harm, dishonesty, and (sexual) disgust, which would be the future direction of this field.
Compared to the neutral pictures, disgusting pictures activated the dmPFC and amygdala, which was consistent with previous study and our hypothesis [9] [13] [20] . Amygdala, a structure commonly associated with fear processing, can also be preferentially involved in disgusting processing [9] . The disgusting versus neutral scenario contrast also revealed increased activity bilaterally in the amygdale [13] . Across moral judgment studies, activation of dorsal medial PFC, an area implicated in integration of emotional responses into moral decisionmaking was most widely associated with morally relevant processing [13] . Researchers have suggested that emotional responses and cognitive computations work in tandem to give rise to moral judgments [21] [22] . Notably, an emotional learning system mediated by the amygdale and system for decision making on the basis of reinforcement expectations mediated by the medial orbitofrontal cortex is crucial for cueing morally appropriate behavior and the acquisition of moral knowledge during childhood [20] . Research has found that disgusting transgressions were associated with increased bilateral activity in the amygdale, and dmPFC, areas implicated in social-emotional processing [13] .
Our results further found that greater activation to the female disgusting (FD) pictures was observed in the left superior frontal gyrus/dorsal medial prefrontal cortex. Activation of the dorsal medial prefrontal cortex, an area implicated in thinking about others and self-referential processing [23] [24] , especially in ambiguous circumstances [25] , is most widely associated with morally relevant processing [14] . First of all, activity in this region is modulated by ambiguity both in social and nonsocial contexts [25] . In the current study, since the females were more likely to exhibit intimate behavior, it was more ambiguous for participants to evaluate whether their behaviors were morally appropriate when both females had tactile intimacies. Thus, the processing of ambiguous information represented one explanation for the dmPFC activation to the female disgusting pictures. Secondly, this area is consistently activated when thinking about other people and in self-referential processing [23] [24] . It is likely that the evaluation of female disgusting pictures involved a deeper evaluation between people's motives and actions shown in the picture and participants' own values. Thirdly, this area represents the integration of emotional responses into moral decision-making [13] . Since females were more likely to exhibit intimate behavior such as embracing or kissing each other in daily life and demonstrations of tactile intimacy between women might be viewed less disgusting than men [18] , it would be more difficult for participants to integrate disgusting emotion into moral cognition for female disgusting pictures than male disgusting pictures. Finally, even the current results showed that greater activation to the female disgusting (FD) pictures was observed in the left superior frontal gyrus/dorsal medial prefrontal cortex; future study should investigate this phenomenon in the other two moral areas: (physical) harm and dishonesty.
A number of limitations are present in the current study. Firstly, the small samples sum is not very strong validation about this hypothesis, future study should increase the amount of subjects to increase statistical power. Secondly, participants were asked to evaluate whether the behaviors between the persons in the pictures were morally appropriate or not, which could be an uncertain question for participants. Another good way to explore this issue might be asking participants to determine whether it represented a moral violation or was morally wrong.
